In 1935 
In 1935 Kerpel-Fronius (1) demonstrated in rabbits that there are two distinct types of dehydration, depending upon whether the condition is associated with (1) a primary loss of salt or (2) a shortage of water not accompanied by a corresponding loss of salt. He pointed out that the former is characterized by circulatory disturbances, while the latter is characterized by thirst. In a later paper (2) Kerpel-Fronius referred to the two conditions as " Durstexsikkose und Salzmangelexsikkose " and emphasized the fact that in animals dehydrated by loss of salt the principal loss of fluid is from tfie extracellular portion, including the blood, whereas in thirsting animals the water loss is distributed among all fluid compartments of the body, including the large intracellular portion.
It is our impression that most physicians, including ourselves, have not been sufficiently aware of this important distinction and its therapeutic implications. The present report concerns itself with a study of these two types of dehydration in normal human subjects. The first two experiments (IA and IB) deal with abnormal loss of salt while the water intake is adequate. (3) was passed to the proximal jejunum, the position of the tube was verified by x-ray examination, and constant suction was applied for 4 days. During this 4-day period no food was allQwed, but water was administered daily, either orally or in the form of intravenous 5 per cent dextrose in distilled water, in amounts sufficient to insure a normal urinary output. Also, the tube was irrigated frequently with measured amounts of tap water which were figured in as part of the total oral intake. After removal of the Miller-Abbott tube, the subject was allowed salt-free water orally and intravenously for a period of 24 hours. On the following day he was given 3675 cc. of Ringer's solution (containing 33.1 grams of NaCl) intravenously. On the 2 final days he was allowed water ad libitum and a salt-poor diet.
Each morning after voiding the subject was weighed. Daily measurements were made of the urine volume and of the losses of sodium and chloride in the urine and from the jejunal drainage.2 Frequent determinations 2 were also made of the hematocrit, plasma proteins, serum sodium, plasma chlorides, plasma carbon dioxide combining power, and of the arterial blood pressure. The subject was watched closely for any signs of dehydration.
Experiment IB. Abnormal loss of salt; water intake adequate. Subject E. B., aged 21, was a normal male except for the presence of an orthostatic albuminuria. The procedure was identical to that in Experiment IA with the following exceptions. The Miller-Abbott tube suction was continued for 5 days instead of 4. Distilled water was used in place of tap water throughout the experiment. The salt-poor diet was resumed as soon as the Miller-Abbott tube had been removed. Three thousand cubic centimeters of Ringer's solution (containing 27 grams of NaCl) were administered on the second day following removal of the tube. Experiment IIA. Water deprivation; no abnormal loss of salt. Subject E. B. at the conclusion of Experiment IB was studied further. He continued on a salt-poor diet for 2 days and had water ad libitum. Then the dehydration period began and all fluids were eliminated for 4 days. On the 5th day his mouth was so dry he could not eat, so 600 cc. of distilled water were allowed. During the recovery period distilled water was allowed ad libitum, the diet remaining salt-poor as before. Blood studies and other measurements were carried out as in Experiments IA and IB. Also several determinations were made of the blood non-protein nitrogen.
Experiment IIB. Water deprivation by means of total 2The chemical determinations were run in duplicate and standard methods were used throughout as follows: Sodium: Butler and Tuthill (4) . Potassium: Shohl and Bennett (5) . Chloride: Wilson and Ball (6) . Nitrogen: Macro-Kjeldahl. Total urine solids: Shackell (7). Carbon dioxide combining power: Van Slyke (8) . The plasma protein estimations were based upon plasma specific gravities according to Weech's formula (9), the specific gravity determinations being made by the Barbour and Hamilton falling drop method (10).
fasting. This experiment, though somewhat similar to Experiment IIA, differed from it chiefly in that the dehydration period consisted of a total fast. The subject, T. G., a normal male aged 23, after having been placed upon a salt-poor diet for 4 days, was persuaded to go without food or water for 3 days. During the subsequent 3 days he still received no food but was allowed distilled water ad libitum. In fact, he was requested to drink even more than he desired, and on the last of these 3 days (day 10) he was given, in addition, 4.8 grams of potassium as a dilute neutral solution of potassium salts (KIHPO4 and KH,PO4). On the next 2 days (days 11 and 12) he was given a submaintenance diet consisting of 2 liters of whole cow's milk per day. On the 12th day he was given, in addition to the milk, 9 grams of sodium chloride.
Every morning after voiding the subject was carefully weighed on a balance accurate to 2 grams. Daily determinations were made of the urine volume, urine specific gravity, urine solids, and urinary excretions of sodium, potassium, chloride, and nitrogen. The same blood studies were carried out as in the other three experiments. During the difficult fasting period the subject was attended both day and night and seemed to cooperate in every particular.
RESULTS
In Experiment IA, the data of which are shown in Table I and Figure 1 On the 10th day potassium salts were given and produced no significant changes. The subject continued to lose weight until the final day of the experiment, when 9 grams of NaCl were administered, which resulted in a weight gain of 1070 grams.
In Table IV are shown also other data of interest, such as the specific gravity of the urine and the urinary excretion of nitrogen, sodium, potassium, chloride, and total solids. The specific gravity was high during the 3 days of the dehydration period, being above 1.036 as compared to 1.020 or less on all other days. The excretion of nitrogen averaged about 13 grams during the latter part of the fast and the high value of 16.7 grams occurred with the diuresis on the first day of water administration, the day on which the blood non-protein nitrogen returned to normal. The sodium excretion diminished dur- (1) . It appears that the two types of dehydration in question differ from each other not only in mechanism of production but also in symptomatology and in the treatment indicated. In fact, about the only similarity between the two conditions is that implied by the term " dehydration."
The body is continually losing water insensibly by evaporation, frequently more than 1000 or 1200 grams daily. This insensible water ordinarily contains a negligible amount of salt when sweating is avoided (16) and can, therefore, be considered essentially a loss of distilled water. If this loss plus the losses in urine and feces are not replaced by the water of food and drink plus the water available from other sources (water of oxidation and " preformed water "), a condition of true dehydration results, with thirst, oliguria, and a rising blood non-protein nitrogen. There occurs a water shortage in all parts of the body, intracellular as well as extracellular. For if such dehydration were assumed to be localized, let us say, to the extracellular portion of the body, we would then have a hypertonicity of the extracellular fluid as compared to intracellular fluid. The laws of membrane equilibrium demand that the diffusible particles shift until osmotic equilibrium is reached. But since the cell wall is not freely permeable to the most important ions, Na+ and K+, this can only mean that water must pass out of the cells until equilibrium is reached. Thus, in water deprivation we are dealing with a diffuse, and not a localized dehydration. This concept fits in well with the fact that only slight changes were observed in the hematocrit during this type of dehydration (Figures 3 and 4) .
In the salt-loss type of dehydration, on the other hand, we have a radically different state of affairs. As long as the water intake is adequate, no thirst occurs. There is no shortage of water as such. The deficiency of sodium, however, results in a reduction in the volume of the extracellular fluid (2, 17, 18) , which can be thought of as a localized type of dehydration. If we were to postulate that a large loss of sodium could occur without a resulting loss of extracellular water, we should then be postulating a hypotonicity of the extracellular fluid as compared to the intracellular fluid. Such a system would not be in osmotic equilibrium and, therefore, could not endure. Water would be forced to leave the extracellular spaces and either leave the body or pass into the cells, or both, until equilibrium were reached. The net result, therefore, would be a localized dehydration involving the extracellular fluid. Experimental evidence that this actually occurs has been presented by Darrow and Yannet (18) . In Experiments IA and IB there was no thirst, and attempts to replace the depleted extracellular fluid with salt-free water merely resulted in a corresponding increase in urinary output. The manifestations of extracellular desiccation are those of peripheral circulatory failure. The reduced extracellular volume includes a reduced plasma volume as indicated by a rise in the hematocrit (Figures 1 and 2 ). Such a reduction in blood volume results in apathy, weakness, fainting, anorexia, low blood pressure and, if the condition is allowed to progress far enough, to circulatory collapse. This " electrolyte shock," as we have termed it, may be indistinguishable clinically from shock due to other causes, and is brought to mind by the realization that the patient has been losing appreciable amounts of electrolyte-containing fluid. If the blood pressure does not fall too low, and if the water intake is adequate, the urinary volume may remain normal, as was the case in Experiments IA and IB. Our results and interpretation of the experiments, here described, fit in very well with the demineralization experiments in dogs described by Darrow and Yannet (18) . These authors clearly demonstrated the relationship of salt loss to extracellular dehydration. They noted also that " thirst is not an obligatory accompaniment of dehydration " and that "water intake and urine output may be normal in the presence of dehydration."
An interesting and important practical question is the following: In the extracellular type of dehydration, to what extent is the blood plasma affected? One often hears the statement that in dehydration the plasma volume is protected by the existence of a large amount of fluid in the interstitial reservoir and that no reduction in plasma volume occurs until dehydration is quite advanced. The results of our experiments do not support this concept. In both of our salt depletion experiments we were impressed by the fact that evidence of hemoconcentration appeared within 24 hours after insertion of the MillerAbbott tube and increased on each succeeding day until the tube was removed. We did not make actual determinations of plasma volumes in our subjects. (20) and by others (21, 22 characterized by remissions during which the patient can drink, there may develop a severe electrolyte loss without water deprivation and without thirst. As a rule, vomiting by itself does not result in circulatory collapse, though it does predispose to this condition. Since the ratio of sodium to chloride is low in vomitus, severe depletion of sodium is not likely to occur early and therefore the presenting symptoms of a vomiting patient are more likely to be those associated with thirst and occasionally alkalosis.
In diarrheal disease accompanied by vomiting, we also are likely to find a mixed picture, depending upon which factors predominate in any given case. With diarrhea or ileostomy drainage the relative loss of fixed base is greater than in vomiting and, therefore, the likelihood of circulatory collapse is greater.
If a patient with mixed dehydration is treated either by physiological saline alone or by glucose solution alone, the dehydration may then become converted into one or the other of the pure types. We have seen this actually happen.
The fact that dehydration so commonly occurs in mixed form is probably responsible for much of the confusion that exists. Most textbooks do not distinguish between the two types of dehydration. We often encounter seemingly conflicting statements concerning the nature and treatment of dehydration when in reality the statements apply to entirely different conditions. As indicated in column 9 in Table VI , there was, during the 3 days of total fasting, a greater absolute reduction in the amount of body water than would be predicted purely on the basis of sodium and potassium balance. In other words, by the end of the dehydration period there was in the body enough fixed base (Na and K) to "hold" an additional 1919 grams of water. It is interesting to note that at the end of the following day, during which time water was allowed ad libitum and during which time Na and K were still being excreted, the body had regained and retained 1929 grams of water, almost precisely the theoretically predicted amount.
Once the subject was rehydrated, it was not possible to hyperhydrate him by forcing water. The body weight curve seemed to be unaffected by attempts at hyperhydration, although it had been markedly affected by dehydration and rehydration. Of course, the subject was not allowed to drink for several hours immediately preceding each weighing, and was always weighed with an empty bladder.
The signifiance of thirst in dehydration
As discussed, it is clear that thirst is not present in all types of dehydration. It is present in that type brought about by water deprivation. It may be completely absent in the extracellular, or salt-loss, type of dehydration. These facts fit in well with the concept that thirst depends upon cellular dehydration (24) . 5 . Oliguria, anuria, and azotemia Oliguria, anuria and azotemia have long been considered common manifestations in dehydrated patients, but the type of dehydration referred to has generally not been specified.
In the experiments described above it is noteworthy that in IIA and IIB, which illustrate the " thirst " type of dehydration, the daily volume of urine decreased to 510 cc. in one case and 430 cc. in the other. It will be noted in Experiment IIB (Table IV) that the urine volumes on the 3 days of water deprivation were 430, 450 and 445 cc., respectively, the lowest volume occurring on the first day. Obviously, in this case the degree of oliguria is not an accurate index of the extent of the dehydration. In two similar cases reported by Coller and Maddock (25) there was no accurate correlation between the degree of oliguria and the extent of dehydration. It appears that a certain minimum urinary volume is inevitable as long as blood pressure is high enough to insure glomerular filtration. On theoretical grounds we should rarely expect to find anuria from water deprivation alone.
In Experiments IA and IB the urine volumes were normal at all times because water was being adequately supplied. These experiments were terminated before the blood pressures dropped to dangerously low levels. It seems obvious that, if the salt loss had been allowed to continue until true shock occurred, the urine secretion might have ceased altogether for the simple reason that glomerular filtration cannot occur when the blood pressure is sufficiently low (26) . It is a common observation that patients in profound shock usually have anuria.
It seems reasonable to conclude that in the "thirst " type of dehydration associated with simple water deprivation, oliguria should be expected, but not anuria; while in the " salt-loss " type, urinary excretion may vary from the normal to complete anuria.
Azotemia, when due to dehydration, is most simply explained as depending chiefly upon the degree and duration of the associated oliguria or anuria. The extent to which azotemia may depend upon other factors will not be discussed here.
SUMMARY AND CONCLUSIONS 1. Two distinct types of dehydration were produced in normal human subjects.
2. The results were quite comparable to those previously described in rabbits by Kerpel-Fronius and indicate that the two types differ from each other in mechanism of production, in manifestations, and in the treatment indicated.
3. Dehydration resulting from simple water deprivation is characterized by thirst and oliguria, does not lead to impairment of the circulation, and is completely relieved by the administration of water.
4. Dehydration resulting from abnormal salt loss results mainly in a loss of extracellular fluid, a reduction in plasma volume, and disturbances in the circulation. It is neither characterized by thirst nor relieved by the administration of saltfree fluids, but is promptly relieved by fluid containing sodium chloride.
5. A detailed study was made of the balances of energy, water, sodium, and potassium during a period of total fasting and recovery. The results indicate that during dehydration and recovery the balances of sodium and potassium do not necessarily correspond to the water balance over short periods of time.
